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Abstract 
 
Effective Electronic Commerce (e-Commerce) education for students in such disciplines as 
Management Information Systems, Accounting and Marketing is paramount. This is because 
organisations globally need people who are skilled in e-Commerce, from a technical and/or 
organisational perspective, so that the firms can take advantage of such technologies as the Web. 
The challenge for business and e-Commerce educators, therefore, is the development of teaching 
tools and environments which provide tertiary students and business people with practically-based 
opportunities for learning about the potential of e-Commerce. Business simulation approaches to e-
Commerce education are a particularly effective way in which to provide students with these 
pedagogic opportunities. 
 
This paper provides an overview of a Web-based e-Commerce business simulation called Web-
TRECS (Teaching Realistic Electronic Commerce Solutions). It then describes how the software 
components of Web-TRECS have been designed to form the e-Commerce teaching tool. The paper 
then discusses how Web-TRECS could be used to teach a range of e-Commerce concepts and 
skills, based on six years of research into the use of e-Commerce business simulations. The paper 
finally concludes by outlining our future research plans to extend Web-TRECS so that additional e-
Commerce concepts and skills might be taught using this tool. 
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Introduction 
 
Small through to large organisations worldwide are now seeing the need to be more competitive and 
effective by performing their business operations using electronically-facilitated means — that is, 
Electronic Commerce or just e-Commerce [2, 24]. The technologies which enable e-Commerce 
include Electronic Data Interchange (EDI), electronic mail, the Internet and the Web [5, 27, 30]. It is 
therefore essential for students graduating with degrees in business related disciplines (including 
Accounting, Management Information Systems and Marketing) to have a sound understanding of how 
e-Commerce can achieve its benefits, such as improved intra- and inter-organisational 
communication, streamlined supply chains and extended market reach. 
 
Research into the design and development of effective approaches for teaching university students 
about the potential of e-Commerce is therefore required. The importance of this objective has been 
demonstrated by the efforts of a number of researchers who are investigating the potential of 
practically-based approaches to e-Commerce education [see, for example, 10, 16, 23, 31, 34]. This 
research is typically based on the work of learning theorists who advocate the use of experiential 
methods for teaching adults in preference to passive techniques only [see, for example, 7, 11, 12, 32].  
 
1 
 
Parker, C.M. and Swatman, P.M.C. (2001) Web-TRECS: Teaching Electronic Commerce, Information 
Technology and Management, vol. 2, no. 4, pp. 459-471. 
Our research into the design of experiential approaches for teaching e-Commerce led to the 
development of a Web-based business simulation called TRECS (Teaching Realistic Electronic 
Commerce Solutions – formerly called TREAT or Teaching Realistic EDI and Telecommunications). 
Web-TRECS requires students (as individuals or in groups) to adopt the role of a company from a 
fictitious manufacturing supply chain comprising raw materials suppliers through to retailers. 
Students complete all their company’s procurement activities by using: 
• a Web browser to create and exchange EDI-based business documents (such as purchase orders 
and invoices); and 
• electronic mail (or email) to exchange more unstructured business communications. 
 
The main objective of TRECS over the years, therefore, has been to teach participants about the 
ability of e-Commerce to improve the internal and external efficiencies of organisations in such areas 
as supply chain management and business process reengineering – using the very e-Commerce 
technologies about which we are educating students. Our research objective has been to investigate 
business simulation designs and implementations which provide participants with simplified, yet 
realistic, practical e-Commerce experiences on which to base their understanding of this field. 
 
The proof of concept and the potential effectiveness of this business simulation approach for teaching 
university students about e-Commerce was initially demonstrated over a five year period (1993-97) 
using five Australian-based action research cycles with (primarily) Information Systems students [see 
16, 19-21]. Some of the Australian students also had the opportunity to trade with identical companies 
operated by participants from the University of Maribor, Kranj, Slovenia [19, 20]. The hermeneutic1 
nature [see, for example, 26, 9] of this research project allowed us to incorporate a number of 
improvements and extensions to the business simulation design after each study [see 16 for a detailed 
discussion of these evolutions of TRECS]. 
 
During the action research cycles using TRECS, a commercial EDI application was used by 
participants to create and exchange their business documents. Each student company had its own copy 
of the EDI software, which needed to be configured specifically for each company in our business 
simulation by an e-Commerce educator. While the simulation environment itself worked well from a 
pedagogic viewpoint [see 16 for more information], we found that this set up process for TRECS was 
too onerous a task for e-Commerce educators. 
 
The systems development research method2 [see 15, 22] was then employed to investigate whether 
Windows-based support tools could address the problems associated with the setting up and running 
of TRECS by e-Commerce educators [14, 16, see also 25]. These tools also enabled us to 
development software components which automated the service facilities associated with the business 
simulation, such as the bank, warehouse and freight forwarder. This research [see 14, 18] 
demonstrated that these tools could dramatically reduce the time required by educators to run TRECS 
business simulations, thus making TRECS a viable option for teaching e-Commerce. 
 
This success of this work led to the realisation that these same TRECS automation tools could be 
turned into Web-based applications which would enable us to develop a Web version of TRECS [17] 
called Web-TRECS. From a pedagogic point of view, this approach to the design of our e-Commerce 
business simulation means that there is considerable potential to extend our coverage of e-Commerce 
concepts and techniques being taught from primarily EDI, email and the Internet to the business uses 
of the Web. 
 
                                                 
1 Hermeneutics refers to the development of an understanding of information (and social situations) resulting 
from repeated reinterpreting of the text (or situation) based on what was learned in the previous analyses. 
2 The systems development research method involves building computer systems which are used to provide 
proof-of-concept of theory building in computing-based domains such as information systems. 
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This paper provides an account of our research in terms of the design and use of all versions of 
TRECS. More specifically, the paper: 
• provides a brief overview of the Web-TRECS approach to e-Commerce business simulations; 
• describes how the software components of Web-TRECS have been designed to form the e-
Commerce teaching tool; 
• discusses how Web-TRECS might be used to teach a range of e-Commerce concepts and skills, 
based on our six years of research into the use of the various versions of TRECS; and 
• outlines our future research plans for extending Web-TRECS so that additional e-Commerce 
concepts and skills can be taught using this business simulation approach. 
 
Overview of the TRECS Business Simulation 
 
The Web-TRECS business simulation is based on a manufacturing industry which can be designed by 
the an e-Commerce educator. Participants adopt the role of a company within this industry and trade 
fictitious input materials and end-products with their respective suppliers and customers, all primarily 
operated by other students. Students operating companies of the same type are able to compete with 
each other for business, which provides an optional competitive element to the business simulation. 
The organisations comprising this industry form a supply chain ranging from retailers through to raw 
materials suppliers. 
 
As an example, we have designed using Web-TRECS a kitchen appliance manufacturing supply chain 
which has been used successfully over the last six years with Information Systems students studying 
eCommerce. A raw materials supplier sells raw materials to both metal and plastic component 
suppliers. Kitchen appliance manufacturers (for instance, frypan, kettle and toaster manufacturers) 
purchase and use the components from the two component suppliers to build their appliances. A 
retailer then purchases these kitchen appliances. 
 
The simulation environment also has one bank, warehouse and freight forwarder (which are 
automated by Web-TRECS) to avoid the complexity of currency and product transfers between 
service facilities of the same type (for instance, between two banks). Players use these facilities to 
exchange goods/funds with their trading partners and manufacture their products by sending business 
documents to the facilities to request a particular service, such as a Production Order to the warehouse 
to carry out their manufacturing. 
 
The retailer and raw materials supplier at each end of the supply chain are also service facilities 
largely automated by Web-TRECS. The e-Commerce educator, through the retailer, governs overall 
demand for end-products (for example, kitchen appliances) by sending orders to each manufacturer. 
All other retailer transactions are automated. Web-TRECS automates the raw materials supplier by 
processing orders received by its student customers and by sending dispatches. 
 
Participants are also required to complete other activities associated with operating their assigned 
organisation: 
• setting prices for their end-products, while taking into consideration the various expenses of 
running their company (including freight forwarding and manufacturing costs). Participants 
therefore compete with student companies of the same type for market share; 
• predicting customer demand for their end-products (and, consequently, purchasing enough input 
materials to manufacture these end-products) by communicating with their customers using email 
to obtain details about expected order volumes; and 
• exchanging business documents to complete the procurement activities comprising a simulation 
trade cycle. Examples of the types of business documents exchanged include Price Catalogues, 
Purchase Orders, Invoices, Dispatch Advices, Production Orders and Remittance Advices. 
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The Design of Web-TRECS 
 
Software Components Comprising Web-TRECS 
 
Web-TRECS has been designed so that the manufacturing supply chain design, the business 
simulation management and all the participant company operation tasks can be undertaken via the 
Web. The Web system was therefore developed with three components or engines to support these 
requirements [see 17 for a more detailed discussion of the design of Web-TRECS and its various 
engines and modules]: 
• an Industry Design Engine, which allows a Web-TRECS coordinator to design the 
manufacturing-based industry by providing a range of information via the Web such as: 
♦ the organisation types and the products each company type will build; 
♦ the trade relationships between these company types to form a supply chain; 
♦ the goods (raw materials, components, etc) which will be traded between these companies; 
and 
♦ the quantities of input materials needed to build each end-product; 
• a Simulation Management Engine, which: 
♦ automates the bank, warehouse and freight forwarding service facilities; 
♦ allows the Web-TRECS coordinator to operate the service facilities at each end of a supply 
chain (e.g., the retailer and raw materials supplier) with minimal effort; and 
♦ enables the Web-TRECS coordinator to: 
¾ define instances of each company type 
¾ generate Web-based summaries of the progress of the simulation, such as which student 
companies are trading with one another, the number of orders exchanged between trading 
partners and the bank balances or inventory levels of all organisations. This information 
can provide the coordinator with a snap-shot of the simulation which can be used to 
stimulate student discussions 
¾ reset the business simulation ready for a new game; 
• a Student Company Engine, which allows students to operate their Web-TRECS organisation. 
This engine comprises three modules: 
♦ a Transaction Processing Module, which enables students to create, view and process the 
various business transactions associated with running their company – for example, purchase 
orders, dispatch advices, invoices, production orders and remittance advices; 
♦ an EDI Software Module, which simulates the commercial EDI software used in the original 
designs of TRECS. This module allows students to view their transactions in EDI format so 
that they can understand the EDI translation process; 
♦ an Online Instruction Module, which automatically generates online instruction manuals and 
online help via the Web using the supply chain management design data produced by the 
Industry Design Engine. 
 
Technical Implementation of Web-TRECS 
 
All the data required by the three Web-TRECS engines are stored in a single database on a Web 
Server. Due to its widespread availability, the database used initially was Microsoft’s Access 97. It 
was found, however, that the volume of database transactions was too excessive to be handled by this 
database. We then converted it into a Microsoft SQL Server database (again because of its availability 
in our institution), which has overcome this problem. 
 
Web-TRECS has been used successfully, from a technical viewpoint, with classes of 25 students, 
implemented on a Web server running Microsoft’s NT Server 4.0, Pentium 266 MMX with 64Mbs 
RAM. Despite this success it is anticipated that larger numbers of students using Web-TRECS at the 
same time will necessitate a more powerful server to handle potentially large volumes of transactions. 
Further work is required, however, to determine the minimum technical requirements for a Web-
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intensive business simulation such as Web-TRECS and to investigate whether alternative 
implementation approaches will reduce the need for more powerful Web servers. 
 
The Web browser pages associated with Web-TRECS have been implemented using Active Server 
Pages (ASPs), which are server-side programs using scripting languages (in our case Visual Basic) to 
interrogate and update server-side databases. ASPs are, effectively, HTML documents with embedded 
instructions (including SQL) which can extract and manipulate data from databases and then 
incorporate these data into Web pages. Similarly, ASPs can also be used to update databases using 
data entered into Web forms (such as a purchase order). For this reason, ASPs enable highly 
interactive Web pages which are required for the sort of transaction processing needed in Web-
TRECS. ASP was selected because it is provided free by Microsoft as part of their NT Option Pack. It 
also gives more technically inclined students the opportunity to see how technologies such as ASP can 
be used to implement such interactive Web sites. 
 
Web-TRECS Pedagogy 
 
The objective of our research has been to investigate the design and implementation of a business 
simulation environment which can be used to provide students with simplified, yet realistic, practical 
e-Commerce experiences on which to base their understanding of this field. Our indicative and 
anecdotal findings concerning the use of TRECS are primarily drawn from [see 16 and 14 for a more 
detailed discussion of the results of this research]: 
• our own observations; 
• verbal feedback from students; and 
• questionnaires responses from 140 information systems students at Monash University, Australia 
during a three year period using the pre-Web version of TRECS. 
 
This range of findings enabled us to study the use of all versions of TRECS from an educator and 
student perspective. The participant surveys in particular enabled us to gain some insight into the 
perceived value of TRECS to students in enhancing their understanding of technical e-Commerce 
tools such as EDI and of general e-Commerce organisational concepts such as supply chain 
management. Our findings (examples of which are summarised below) have given us confidence that 
a much wider range of e-Commerce concepts and skills can also be taught using the Web version of 
TRECS, as a tool for providing practical e-Commerce experiences and for instigating relevant student 
discussion. Examples of this potential are outlined below: 
 
Fundamentals of e-Commerce 
 
Our extensive use of the earlier pre-Web versions of TRECS [see 16] and our initial experience with 
Web-TRECS suggests that this approach to e-Commerce education enables students to appreciate the 
underlying mechanisms and fundamental concepts of e-Commerce. We have found, for instance, that 
the e-Commerce business simulation gives students the opportunity to see first-hand how EDI works, 
because they can explore the EDI translation process by: 
• creating business documents using online forms which can be filled out using a Web browser; 
• having these documents translated into standardised EDI formats; 
• sending these EDI business documents via the Internet; and 
• having these EDI business documents translated into internal formats which can then be viewed in 
a human-readable form using Web-based forms. 
 
Students are able to observe this EDI translation process in order to understand how EDI can enable 
computer applications to exchange business documents directly with each other without human 
intervention, thus demonstrating the fundamentals of systems integration. Our belief that these 
practical experiences in TRECS assist in student learning was confirmed when 68% of the 140 
questionnaire respondents stated that this environment enhanced their understanding and knowledge 
of systems integration and how EDI makes this possible. 
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We also believe that Web-TRECS will provide an effective basis on which to teach students: 
• how Web pages can be integrated with databases, so that interactive Web-based business 
transactions are made possible; 
• how Web browsers and Web servers interact, so that they can understand the way in which the 
client/server model of business computing works; 
• how email can enable more efficient non-structured communications between and within 
organisations – especially companies which are located in other countries and time-zones. TRECS 
participants use email to engage in negotiations with trading partners which are not always 
achievable using structured business documents. For instance, these negotiations have taken the 
form of securing or confirming the supply of orders and of obtaining competitive prices; and 
• about the fundamental differences between various networking environments, including Value 
Added Networks, Intranets, Extranets and the Internet at large. 
 
Organisational e-Commerce Concepts and Skills 
 
Since students are required to use e-Commerce technologies to undertake the procurement activities 
of their organisation, they are required to explore a number of the organisational aspects of e-
Commerce. Our experience with the pre-Web versions of TRECS has shown that students benefit 
pedagogically by [see 16 for more information] learning about the impact of e-Commerce in such 
areas as: 
• supply chain management, where students explore such approaches as EDI- and Web-enabled 
Just-in-Time manufacturing (JIT) and Quick Response (QR). Students gain this understanding by 
exchanging EDI business documents and email, which allows them to see first-hand how e-
Commerce can expedite information flows through a supply chain; 
• trading partner relationships in a supply chain, where we have found that students quickly 
discover that their suppliers – often chosen on the basis of price leadership – are not always able 
to fill the orders due to lack of stock. These student experiences emphasise the benefits of closer 
trading partner relationships among supply chain members, which can be achieved by the 
increased sharing of information and by an increase in the levels of communication between 
trading partners. Students are then able to explore the potential of e-Commerce for addressing 
some of these problems; and 
• international trade, where students have the opportunity to engage in real global trade with 
students from other universities. We have found that students’ TRECS experiences allow them to 
see the potential of e-Commerce for improving the ability of companies to engage in international 
trade, when compared to traditional paper-based approaches to business. 
 
The questionnaire responses by 140 students appeared to confirm our view that TRECS helped 
students to understand some of the organisational aspects of e-Commerce because, for instance: 
• 85% of students believed that operating their TRECS organisation allowed them to see and/or 
experience the benefits which real organisations can gain from the effective use of 
telecommunications applications such as EDI; 
• 79% of students stated that the business simulation enhanced their understanding of how EDI can 
help a company improve customer responsiveness and satisfaction; and 
• 69.5% of students believed that TRECS enhanced their understanding or knowledge of QR/JIT 
inventory management philosophies which are enabled by EDI (in this case, only 106 students in 
the latter two of the three years were asked this question). 
 
We also believe that Web-TRECS can provide the foundation on which students can investigate other 
aspects of e-Commerce use by organisations. For example, students could be asked to: 
• develop an e-Commerce strategic plan, which provides recommendations for how their Web-
TRECS organisation can extend its use of e-Commerce beyond the EDI, email and Web 
transaction capabilities it currently employs; 
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• prepare an Internet marketing plan, which will enable their organisation to market in an effective 
manner its Internet presence and its e-Commerce capabilities; and 
• investigate the various legal and ethical issues associated with their organisation trading via the 
Web. For example, students participating in Web-TRECS have questioned the responsibilities of 
their trading partners when their suppliers failed to fill their Web-based orders and to deliver the 
products in time or in the anticipated quantities.  
 
Technical e-Commerce Skills 
 
Although not as yet investigated, our experience suggests that Web-TRECS could also be used as the 
basis for teaching more technically oriented e-Commerce skills, such as the development of Web 
pages which extend the Web capabilities of their simulation organisation. For example, students could 
complete assignments or other practical work involving: 
• developing Web pages which advertise their specific products to differentiate themselves from 
their competitors; 
• developing a Web system allowing customers to specify order requirements, which can then be 
fed into a production planning schedule for predicting and fulfilling customer orders; and 
• investigating how their organisation’s Web presence can be made more secure through the use of 
Internet security mechanisms such as Secure Sockets Layer (SSL) and Secure Electronic 
Transactions (SET). 
 
We therefore believe that Web-TRECS can be used by students to carry out more technically-oriented 
development tasks which their organisation’s trading partners can then test and provide feedback on. 
 
Importance of Debriefing Sessions 
 
Although Web-TRECS has been used successfully to give students practical experiences with e-
Commerce technologies and their use by companies, the real value from business simulations such as 
Web-TRECS comes from the debriefing sessions held after the simulation [see 21]. During these 
debriefing sessions, business simulation participants return to their normal roles as students and the 
Web-TRECS coordinator encourages students to: 
• reflect on and discuss what transpired during the business simulation [see 4, 8, 33], so that they 
can articulate what they have learned. The Web-TRECS coordinator can then lead discussions 
into the areas raised to extend this learning; 
• discuss the e-Commerce business strategies they used [see 6], to explore which strategies were 
(un)successful and why; and 
• articulate their knowledge of the e-Commerce concepts which were explored during the business 
simulation, so that any misunderstandings can be corrected and so that the knowledge they have 
gained can be applied to other situations [see 29]. 
 
For this reason, debriefing sessions are an essential component of business simulations, because they 
increase the likelihood that participant learning will take place [see, for example, 1, 3, 13, 28]. We 
have found that these debriefing sessions greatly increase the levels of learning which students attain 
through their participation in the TRECS business simulations [see 16, 21]. 
 
Incorporating Web-TRECS into e-Commerce Courses 
 
Our research involving the use of pre-Web versions of TRECS within varying time frames suggests 
that this business simulation has the potential to be incorporated into e-Commerce courses in at least 
two ways [see 16 for more detailed information]: 
• With university students we have used TRECS for between 10-12 weeks at a time - that is, during 
an academic semester. TRECS formed the practical (or tutorial) components (usually one to two 
hours a week) of undergraduate and postgraduate courses which supplemented weekly lectures. 
Our experience suggests that during a 10 week period, for instance, approximately: 
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♦ two weeks can be assigned to briefing - that is, explaining the simulation and giving students 
the opportunity to complete a practice-run 
♦ six weeks to play the simulation; and 
♦ the remaining time for debriefing (at least once during the game and again at the conclusion 
of the simulation) 
The duration of the simulation can, of course, be altered according to the educational objectives 
being addressed and the time available. 
• With business professionals we used TRECS during a three-hour workshop. The first hour of this 
workshop involved introducing participants to EDI (and other e-Commerce concepts). The second 
hour comprised a brief ten-minute demonstration of TRECS, the software and then simulation 
itself. The third hour involved a debriefing session to discuss their practical experiences. During 
these workshops, the competitive nature of TRECS was played down because there was 
insufficient time for participants to calculate prices and compete, so that the emphasis was placed 
on using the e-Commerce tools such as EDI. 
 
Conclusions and Future Research 
 
Our research into the development of Web-TRECS presented in this paper has shown that Web-based 
e-Commerce business simulations are feasible and, based on our experiences with TRECS, effective 
for teaching people about the business potential of e-Commerce. More specifically, we have found 
that Web-TRECS can be used in an effective manner to teach students about the fundamentals, 
organisational aspects and technical aspects of e-Commerce. 
 
We plan to extend Web-TRECS further to increase the types of e-Commerce concepts and skills 
which can be taught using this business simulation. For example, we are planning to: 
• investigate how to incorporate Web-based barcode scanning to enable students to experiment with 
the role of this technology in supply chain management; 
• determine how Web-TRECS can be integrated into courses from other business disciplines (such 
as Marketing, Management and Accounting); and 
• add a Consumer Module into Web-TRECS which will incorporate a number of Web-based 
business models (including shopping carts, electronic malls, etc) and electronic payment systems, 
so that students can investigate the business potential of these e-Commerce approaches. 
 
We believe that the latter extension of Web-TRECS will enable students to investigate e-Commerce 
issues from a consumer perspective. For example, students might use each business model and 
evaluate their advantages and disadvantages. It might also be possible to use the Consumer Module to 
show the types of data which can be collected about consumers using the Web and the associated 
ethical issues concerning the use of these data. 
 
A number of limitations of Web-TRECS will also be investigated to determine if there are ways in 
which they can be addressed. For example: 
• the Industry Design Engine of Web-TRECS only permits the design of manufacturing supply 
chains which trade using purchase orders, dispatch advices and remittance advices. Further work 
will be carried out to determine if the Industry Design Engine can be redeveloped to permit 
additional types of supply chains to be designed; 
• the Student Company Engine is currently designed primarily for inter-organisational interaction 
using EDI, email and the Web, with intra-organisational operations limited to manufacturing. 
Further investigation is required to determine if other intra-organisational activities are needed to 
improve the ability of Web-TRECS to teach students about how e-Commerce can enable business 
process reengineering; and 
• many of the features of Web-TRECS, such as the simulated EDI software, cannot be disabled. 
Further work will be undertaken to determine whether additional flexibility in the enabling or 
disabling of features can be incorporated to make the e-Commerce business simulation more 
suitable for various educational objectives. 
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We also plan to investigate the use of Web-TRECS for teaching small and medium enterprise (SME) 
owner/managers about the business potential of e-Commerce for their organisations. Our previous 
research with the pre-Web versions of TRECS [see 16] has shown that these people tended not to take 
part in e-Commerce courses which can be undertaken at their company premises, because of: 
• the difficulty of installing software; and 
• the lack of time for installing the required software in order to experiment with it. 
 
We anticipate that Web-TRECS will lessen these problems because SME owner/managers will only 
be required to use a computer with a modem, obtain an Internet connection and ensure they have a 
Web browser installed in order to learn from this pedagogic environment - thus no installation of 
software should be necessary. This approach to learning about the potential of e-Commerce in their 
company would be especially useful to businesses which have decided to connect to the Internet but 
are yet to understand the wide ranging benefits which can be achieved from e-Commerce. 
 
While further work on Web-TRECS is continuing, we plan to make this tool accessible to e-
Commerce educators who would like to trial its use in their own courses from the Web-TRECS 
server. Further information can be found at http://www.detc.deakin.edu.au/trecs/ 
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